In this paper. we address the problem of designing matched Alters which are robust against uncertainty in the statistics of the noise process. T h e design is based on a game-theoretic approach in which a Alter is sought that has the maximum worst-case output signal-tenoise ratio possible over the class of allowable statistics, that is the design is maximin signal-to-noise ratio. The problem is formulated and solved for both discrete-time and continous-time matched Alters with uncertainty in either the autocorrelation function or the spectral measure of the noise. For uncertainty models determined by 2-alternating Choquet capacities explicit solutions are obtained which are characterized by the Huber-Strassen derivative of the capacity generating the class with respect to a Lebesgue-like measure on a suit,able interval.
I. Introduction
Robust signal processing techniques have received considerable attention in the last 15 years (see the tutorial in In these problems there is uncertainty in the statistics of either the signal, or of the noise, or of both the signal and the noise. Several uncertainty models for the signal and the noise were considered in 121 and [3].
In this paper we focus on uncertainty in the noise autocorrelation function (time domain) or the noise spectral measure (frequency domain) and consider uncertainty classes determined by 2-alternating Choquet capacities 
The robust matched
Altering problem for noise uncertainty involves the identiflcation of a worst-case noise statistic over the allowable uncertainty class and the derivation of the Alter matched to this worst-case noise. Then, when this "robust" Alter is used, for any other noise statistic in the uncertainty class the signal-to-noise ratio is guaranteed to be better than for the worst-case statistic. This paper is organized as follows. In Section I1 the notation, the basic concepts and some general results for uncertainty classes generated by %alternating capacities are cited. In Section 111 four problems of robust matched Altering with noise uncertainty are formulated. In Section N a complete characterization of maximin robust matched Alters for the aforementioned four problems is provided.
Uncertainty Classes Generated by Choquet Capacities
Suppose that ! 2 is a compact' set and F is the a-algebra generated by its subsets. We assume that the measures m are only 
As an example of a 2-alternating capacity we cite the e-
where m, is a known measure and the number e in (0,l) is the degree of uncertainty in the model. Eq. where c is chosen so that m (n) = m,(n).
We would like to mention at this point that if 0 is a discrete set, then ?R becomes a cummulative distribution function (cdf) and all the results involving the capacities described above still hold, providedthat we replace the integrals with sums and the R-N derivatives with probability mass functions (pmf' s). This duality follows from an application of the results of I71 (especially Lemmas H be a separable Hilbert space (e.g., L 2 or R " ) with product <.,.>, and let fl denote a space of bounded (self-adjoint) nonnegative linear operators mapping H to itself. A matched-filtering problem on H involves three quantities: 5 signal quantity s E H (e.g., a signal spectrum or waveform); a noise quantity n C R (e.g., a noise spectrum, autocorrelation function, or covariance matrix); and a fllter quantity h EH (e.g., a fllter transfer function or impulse response). The design criterion for the flltering problem is based on a functional p:
and representing a signal-to-noise ratio. Note that if n is invertible we have h , = n -l s . Four cwes of interest when there is uncertainty about the noise quantity which is determined by a 2-alternating capacity are described next. (17) where H is the transfer function of the fllter and S is the Fourier transform of the signal waveform which is laso assumed to be bandlimited in [-wO,wO] . Here we identify the signal, noise and fllter quantities of the general formulation with S , mN, and H , respectively. We thus have (18) where N ( w ) = -(w) is the R-N derivative with respect to X, the Lebesque measure on [-wO,wO) . It is assumed that the spectal Proposition: For each of the four problems formulated in 6ection 111 for whicll the noise statistic belongs to a capacity class of the form (I), the worst-case noise statistic fi of (20) is associated with the least-favorable element in the capacity class and can be singled out by Lemma I .
Proof: T o prove this we need to show that (20) is satisfled. Because of (7), this is equivalent to
where h is the solution to fih = s . We prove that (21) In proving the flrst inequality in (22) we used the fact that the absolutely continuous part of a measure is no larger than the measure itself; to prove the second inequality in (22) we used the fact that fi is stochastically smallest under f i n over all other elements in the capacity class.
Case 2: Here we make use of the discrete-set version of Lemma I .
The optimal filter is hi = si/Ai where fii is the pmf corresponding to [he measure m n singled out by Lemma 1 when applied to this case. The equivalent form to (21) is 
V. Conclusions
The robust matched filter for uncertainty in the noise autocorrelation function or the noise spectral measure is derived for both continuous-time and discrete-time problems when the uncertainty classes are generated by 2-alternating capacities. In all cases the maximin robust matched fllter depends on the inverse of the worst-case noise statistic which is obtained as the Huber-Strassen derivative of the capacity generating the uncertainty class with repect to the Lebesgue (or other equivalent measure) on a suitable interval.
